In this study, in order to develop multilayer piezoelectric transformer for high electromechanical coupling factor and mechanical quality factor. and to show the general approach to the design of inverters utilizing PT as a circuit element. The description of the piezoelectric effect is not present here and can be easily found in numerous publications as well as complex equations and formulae. What is the most important to understand is that "they are different" -one cannot just change an electromagnetic transformer (EMT) for a piezoelectric one. Several examples of PT-based circuitry will help to start and use multilayer piezoelectric transformer advantages most effectively. 
Introduction
Piezoelectric transformers can be used in the same applications as usual electromagnetic transformers but the most perspective are high output voltage low power applications and low output voltage, low and middle power (up to 50W) applications. Further on we will speak mostly about high-voltage piezoelectric transformers. In comparison with electromagnetic transformers they have some inherent features which should be kept in mind while developing schematics of inverters using HVPT.
The most important for a circuit designer is the resonant frequency response of a PT. The Q factor, step-up ratio N, resonant frequency and efficiency K of a PT vary with the load resistance.
Main features of PT
Therefore there are two main problems facing a circuit designer. The first is that the inverter has to operate close to the resonant frequency of the PT even when the load resistance may change. It is necessary to obtain maximum step-up ratio and efficiency. The second is that maximum efficiency for a given PT (the dimensions of the PT are Generally it is better to avoid applying DC voltage to PT.
In the case of sine input voltage (no DC component) the polarity of PT does not matter.
[ Fig. 2 ] Single-ended driver wave forms (note that PT input voltage Vs1 contains DC component).
Piezoelectric inverters schematic examples
All high-voltage applications of PT may be divided into two groups. The first group has relatively high load resistance -more than tens and hundreds mega ohms. It . To achieve the maximum efficiency the piezoelectric transformer must be developed specially for every value of load (a lamp type). The step-up ratio is relatively small in this case (5 ~ 10) and the Q-factor is minimal.
[ Table 1 ] Typical specifications of CCFL power supplies In some cases the mounting bracket may serve as an antenna.
[ Fig. 3 ] Two-transistor inverter. To improve the load characteristic of a PT-based inverter a push-pull or totem-pole drivers can be used. In this case the input voltage of PT is almost sine which also improves the efficiency. The circuit shown at the fig.5 includes the push-pull drive stage and the pre-amplifier built on the CMOS gates (CD4069). Another feature of this inverter is the varistor Z1 which is used for the stabilizing of the output voltage. As its capacitance is high enough (about 100pF) there is no need in a capacitor connected to the Vout/2 output.
[ Fig. 5 ] Push-pull inverter for air cleaner.
The pre-amplifier together with the high-side driver is built on the IR2109 microchip. The transformer T1 solves tree problems at once:
1. It's inductance is necessary for the matching.
2. The step-down voltage ratio helps to apply necessary input voltage to the PT (310Vp-p is too high for the PT used).
3. It enables galvanic isolation of the ozone generator from the power line. 
Conclusion

